Delirium and poor sleep quality are common and often co-exist in hospitalized patients. A link between these disorders has been hypothesized but whether this link is a cause and effect relationship or simply an association resulting from shared mechanisms is yet to be determined. Potential shared mechanisms include: abnormalities of neurotransmitters, tissue ischemia, inflammation, and sedative exposure. Sedatives, while decreasing sleep latency, often cause a decrease in slow wave sleep and stage REM sleep and therefore may not provide the same restorative properties as natural sleep. Mechanical ventilation, an important cause of sleep disruption in ICU patients, may lead to sleep disruption not only from the discomfort of the endotracheal tube but also as a result of ineffective respiratory efforts and by inducing central apnea events if not properly adjusted for the patient's physiologic needs. When possible, efforts should be made to optimize the patient-ventilator interaction to minimize sleep disruptions.
INTRODUCTION
Sleep is an essential biologic function that is important for both physiologic rest and emotional wellbeing. Hospitalized patients often have poor quality sleep experiencing difficulty with sleep initiation, sleep fragmentation, early morning awakenings, and decreased total sleep time. The patient's underlying illness, pain, environmental noise and artificial light, patient care activities, and medication effects all are potential contributors to their sleep disruption. Even the sedative and analgesic medications administered in an attempt to promote sleep and comfort can lead to abnormal sleep patterns that may not provide the same restorative function as natural sleep.
Normal sleep architecture consists of two major sleep stage categories -non-rapid eye movement sleep (NREM) and rapid eye movement sleep (REM). NREM is further subdivided into three stages of progressively deeper sleep which are N1, N2, and N3 [also known as slow wave sleep (SWS)]. During NREM sleep, brain activity is decreased and there is a corresponding decrease in metabolic rate. In contrast, during REM sleep the brain is active and there is skeletal muscle atonia. Though the functions of the different sleep stages remain largely unknown, both NREM and REM sleep are thought to be involved in memory consolidation. 1 Delirium is common in hospitalized patients and occurs in 11% of elderly emergency department patients, 2 in 37% of post operative patients, 3 and in as many as 80% of critically ill patients receiving mechanical ventilation. 4 Older patients are more susceptible with up to 50% of geriatric patients developing delirium at some point in their hospital course. 5;6 The pathogenesis of delirium is poorly understood. Hypotheses regarding contributing etiologies have included neurotransmitter imbalances, proinflammatory cytokines, tissue hypoxia, and sleep deprivation. [7] [8] [9] Delirium is characterized by inattention, fluctuating mental status, disorganized thinking and an altered level of consciousness -findings which are also characteristics of sleep deprivation. Sleep disturbances are common in delirious patients. And, while sleep deprivation is regarded to be a potentially modifiable risk factor for the development of delirium, it is also likely that delirium itself contributes to sleep disturbances.
This article reviews (1) the potential relationship between sleep deprivation and delirium, (2) the modification of sleep with sedative administration, and (3) the effects of mechanical ventilation on sleep quality.
SLEEP -DELIRIUM INTERACTIONS

Hospital-related sleep disturbances
Poor sleep quality is a problem that affects many hospitalized adult patients and that is yet underreported and not properly considered by the majority of health professionals. Baseline acute disease, change of sleep habits, use of sedatives and other medications, environmental noise and artificial light can be listed among the main causes of this problem. An association has been shown between sleep disturbances and the number of chronic diseases, the presence of pain, use of tricyclic antidepressants, and the length of hospital stay. 10 Almost 50% of patients admitted in general hospital medical wards experience insomnia, excessive daytime sleepiness, or both. 11 Few, if any of these sleep problems are ever reported in the medical records. The use of hypnotic medications both prior to hospital admission and also during the hospital stay is common; therefore, physicians should be aware of not only the direct adverse effects of these medications but also the potential effects of sedative-hypnotic withdrawal in hospitalized patients.
Intensive care units (ICU) are the hospital setting where the problem of sleep disturbances likely reaches its highest level and represents the source of most relevant data available in the literature. During their ICU stay, patients often experience prolonged sleep onset, fragmented sleep, poor sleep efficiency and decreased amounts of REM sleep. 12 The overall sleep time during a 24-hour period can be within normal limits (7-9 hours), but almost 50% of this time is spent in shorts bouts during the day rather than a consolidated nocturnal sleep, so that patients have difficulty achieving the REM and N3 (SWS) sleep stages. 13 ICU patients complain of long periods of wakefulness; the sleep architecture in these patients is remarkable for increased stage N1 (light) sleep, decreased amounts of N2, N3, and notably a marked reduction REM stage sleep. In contrast to healthy individuals who experience an average of 20% to 25% REM sleep, ICU patients may experience little or no stage REM sleep during their ICU stay. 14;15 Sleep deprivation can cause both physiological and behavioral consequences. The most relevant physiologic consequences are an impaired immune response, 16 an alteration in metabolic and endocrine systems, 17 an increase in pain sensitivity, 18 and changes in cardiac modulations from sympathetic and parasympathetic systems. 19 The behavioral changes include impaired attention, mood and psychomotor performance, increased daytime sleepiness, sensation of fatigue, and irritability. 20 
Delirium and possible links to sleep disturbances
Delirium is a form of brain dysfunction whose main features are acute onset of a fluctuating awareness, inattention, disorganized thinking, and an altered level of consciousness. These same features can occur to varying degrees as a result of sleep deprivation. Delirium can be either hypoactive, hyperactive, or mixed in character. The hypoactive form occurs frequently and though known to be associated with poor outcomes, it too often goes unrecognized by the physicians and nurses caring for these patients.
Both sleep disturbances and delirium are very common in hospitalized patients, especially critically ill patients in the ICU environment. A possible link between these two disorders has been hypothesized in terms of a common pathophysiologic pathway, shared mechanisms, and a potential cause-effect relationship. 21 Studies conducted mainly in cardiac surgical patients indicate that sleep deprivation can either cause delirium, 22 be a result of it, 23 or may simply lower the clinical threshold for delirium. Decreased SWS and decreased stage REM sleep have been hypothesized as contributing factors for the development of delirium. While a recent study of ICU patients demonstrated an association between delirium and severe REM sleep reduction (<6% of total sleep time), a cause and effect relationship was not established. 15 Although the association between sleep disturbance and delirium has been studied for many years, at present it is difficult to define the true relationship between them. Perhaps, though, it is possible to view their relationship as part of a shared pathophysiologic pathway.
Although the mechanism of delirium is not completely understood, a neurotransmitter imbalance is one of the leading hypotheses, with dopamine and acetylcholine felt to be the most important neurotransmitters involved. An imbalance of these same neurotransmitters also occurs in association with sleep deprivation. 24 During delirium the levels of acetylcholine are generally thought to be low and those of dopamine high, though a few reports tend to hypothesize the opposite imbalance (high acetylcholine and low dopamine). 25 The importance of dopamine on the development of delirium, in particular, seems to be supported by the therapeutic effect of haloperidol, a powerful dopamine blocker.
In addition to acetylcholine and dopamine, there is evidence that other neurotransmitters such as tryptophan can play a significant role in delirium. Tryptophan, a serotonin precursor, was reduced in a population of cardiac surgery patients with delirium. 26 Importantly, it appears that an abnormal tryptophan metabolism can modulate the type of delirium, i.e. hyperactive or hypoactive. 27 Tryptophan, moreover, is tightly connected to melatonin a hormone involved in the regulation of circadian rhythm that has also been linked to delirium. Tryptophan is a direct precursor of melatonin; melatonin is secreted by the pineal gland and metabolized by the liver to 6-hydroxymelatonin and then conjugated with sulphuric acid to 6-sulfatoxymelatonin (excreted in the urine and sometimes used to in clinical trials to assess melatonin secretion).
There is increasing interest in melatonin and its role in postoperative and critical illness. Critically ill patients undergoing mechanical ventilation exhibit a derangement of circadian rhythm and decreased melatonin production. 28;29 Moreover, the involvement of melatonin in surgical stress, sepsis and delirium is becoming more and more evident. In particular, post-operative patients in whom melatonin plasma levels were measured for two days after surgery, showed a correspondence between abnormal melatonin levels and delirium. Patients without postoperative delirium had normal plasma levels, while those who developed delirium had plasma melatonin levels lower than preoperative values if their operative course was uncomplicated or increased melatonin levels if they had further complications like pneumonia or sepsis. 30 A possible derangement, not only in melatonin secretion, but also in melatonin metabolism can also be suspected from the observation of Balan, who showed that patients with hypoactive or hyperactive delirium had, respectively, increased or decreased urinary 6-sulfatoxymelatonin levels. 31 The role of melatonin in the regulation of the sleep-wake cycle, resetting of circadian rhythm disturbances and its extensive antioxidant activity have potential applications in critical care patients.
Other possible mechanisms believed to contribute to the occurrence of delirium are acute inflammation and ischemia. The anatomical pathway thought to be involved in delirium includes brain areas like the thalamus, prefrontal, posterior parietal and fusiform cortex and the basal ganglia. 25 Hence, in theory, ischemia in one of these areas can lead to delirium. Systemic inflammation has also been implicated in the pathogenesis of delirium. It has been observed that delirious patients after hip replacement surgery had higher serum levels of Creactive protein. 32 Other inflammatory cytokines, such as IL-6 and IL-8 are associated with and can possibly induce delirium, either directly or through a neurotransmitter imbalance. [33] [34] [35] [36] Another link between sleep disturbances and delirium comes from the observation that delirium, in a population of elderly patients undergoing knee replacement surgery, occurred more frequently among those with obstructive sleep apnea. 37 The mechanism whereby sleep apnea increases the risk of delirium is not clear but we do know that oxygen desaturations occur during apneic phases and that hypoxia is one of the possible causes of delirium. Moreover, the cyclic oxygen desaturations and restorations during apneic episodes can cause an increase of inflammatory cytokines; and, sleep apnea, per se, can be viewed as an inflammatory process, with increased levels of interleukins and tumor necrosis factor. 38 As stated above, the occurrence of delirium may be facilitated by ischemia and inflammation. Moreover, a connection has been found between sleep disordered breathing and dementialike cognitive impairment, and patients affected by dementia are more prone to develop delirium, 39 thus representing the rationale for a further link between sleep disruption and delirium.
Further evidence of a connection between sleep disorders and delirium comes from the current preventive strategies for delirium. The Hospital Elder Life Program (HELP) tested by the Yale Delirium Prevention trial 40 assessed six risk factors (dehydration, sleep deprivation, immobility, visual impairment, cognitive impairment and hearing impairment) at the time of hospital admission. When one of these risk factors was determined to be present, it was treated with a targeted intervention by a dedicated team. The nonpharmacologic sleep protocol included sips of warm milk, back and shoulder rubs and relaxing music when going to sleep. This protocol not only reduced the need of sedative and hypnotic drugs, but also reduced the incidence of delirium. 41 As a further reinforcement of this evidence, the guidelines for prevention of delirium issued by the National Institute for Health and Clinical Excellence (NICE) recommend efforts to improve sleep quality (i.e. avoiding unnecessary nursing or staff procedures during night-time and reducing environmental noise as much as possible) as a mainstay measure to reduce the incidence of delirium in hospitalized patients. 42 The existence of a link between delirium and sleep disruption is very likely though it is not yet evident whether the former can be the cause of the latter and vice-versa; or, whether more likely they simply share a common pathophysiologic pathway. This last mechanism appears to be the most likely explanation, involving the above mention complex pathways between ischemia/inflammation, hypoxia, neurotransmitter imbalance, and abnormalities of tryptophan/melatonin metabolism (see Figure 1) . The potential role of sedative medications will be discussed in the following section.
SEDATION, SLEEP AND DELIRIUM
Critically ill patients, are almost universally administered sedative-hypnotics and often at high doses. These medications are given to aid with the comfort and anxiety of patients as well as to facilitate procedures and mechanical ventilation. Additionally, these medications are often administered in an attempt to improve the sleep of ICU patients. The relationship between sedation and sleep is however complicated. While sedatives produce a state that can physically resemble sleep, there are in fact significant differences between pharmacologically-induced sleep and natural sleep that may be important clinically.
For years sleep has been used as a metaphor for sedation; and indeed, sleep and sedation do have several similarities. Both lead to decreased responsiveness to external stimuli, decreased muscle tone, and respiratory depression. There are, however, many important differences. While the functions of sleep are not fully known, it is an essential biologic function necessary for life. Sleep occurs spontaneously and is reversible by external stimuli whereas sedation is not. Moreover, natural sleep is characterized by a circadian rhythm and a cyclical progression through the sleep stages with classic EEG patterns for each sleep stage. Sedation effects are medication-specific and dose dependent rather than cyclical and will frequently lead to atypical EEG patterns not observed in natural sleep.
Most sedatives and analgesics are known to cause a decrease in SWS and REM sleep, the stages that are considered the most restorative. Whether sedatives provide the same restorative properties as natural sleep is largely unknown and is often debated as few studies have addressed this question. Studies conducted on rodents indicate that sedation with propofol for 12 hours is not associated with an increase in sleep need compared to baseline and also that sedation with propofol appears to allow for recovery from sleep deprivation. 43;44 In human study, day-surgery patients undergoing sedation with propofol for one hour were found to have a longer nocturnal sleep latency but a shorter latency to stage N2 sleep and no difference in total sleep time (TST) or sleep efficiency. 45 However, this lack of difference in TST following sedation may not have reached significance due to the relatively short sedation period.
There is evidence that sedatives exert their effect at least in part by acting on the neuronal pathways governing natural sleep and therefore it may be helpful to review some of the basics of these neuronal sleep pathways. The sleep/wake state is regulated by a complex interaction of neurotransmitters produced by clusters of neurons located in the reticular formation of the brain stem, midbrain, thalamus, and hypothalamus with connections to the brain cortex. The neurotransmitters norepinephrine, serotonin, acetylcholine, and histamine all play an important role in maintenance of wakefulness. Important nuclei of the sleep pathway include (1) the locus coeruleus (LC) located in the pons and the principle site of norepinephrine production in the brain, (2) the ventrolateral preoptic nucleus (VLPO) of the hypothalamus which produces the sleep active neurotransmitters, -aminobutyric acid (GABA) and galanin, and (3) the tuberomammillary nucleus (TMN), the site of histamine production.
The natural sleep/wake state is controlled in a flip-flop manner where each state inhibits the activity of the other (i.e. the wake active neurons inhibit the activity of neurons producing sleep neurotransmitters and vice-versa). 46 At sleep onset, there is an inhibition of norepinephrine release from the LC which leads to an increase in GABA and galanin release from the ventrolateral preoptic nucleus (VLPO) (Figure 2A) . GABA then inhibits the release of histamine, a wake promoting neurotransmitter, from the TMN. Serotonin producing neurons located in the medial and dorsal raphe also contribute to the maintenance of a quiet awake state. And also, acetylcholine is important in maintaining wakefulness and attention. Other neurotransmitters including dopamine, orexin, and adenosine also play a significant role in the regulation of the sleep/wake state.
Sedatives cause their effects by intersecting the neuronal sleep pathway at various locations. The most commonly used sedatives, benzodiazepines and propofol, exert their effect by activating GABA A receptors in the VLPO,47 thereby suppressing histamine release from the TMN ( Figure 2B ). But because these sedatives act downstream from the LC, norepinephrine release from the LC is not inhibited. This is hypothesized to lead to an excessive of this neurotransmitter which may contribute to the delirium seen with these medications. Alternatively, dexmedetomidine binds to the -2 receptors in the LC resulting in a decrease in noradrenergic activity/release ( Figure 2C ). This different site of action has been hypothesized to be one reason that sedation with dexmedetomidine is associated with a decreased incidence of delirium when compared to benzodiazepines.
Effects of sedating medications
The GABA agonists, benzodiazepines and propofol, are the most commonly used and the currently recommended first line agents for sedation in critically ill patients. 48;49 Benzodiazepine administration results in a decrease in sleep latency but adversely affects sleep architecture by significantly decreasing SWS and also reducing stage REM sleep. Animal studies have indicated that benzodiazepines may also affect sleep by inhibiting melatonin synthesis by the pineal gland. 50 Both lorazepam and midazolam, the most commonly used benzodiazepines in the ICU, have been shown to be strong independent risk factors for the development of delirium. 51;52 Whether the increased incidence of delirium occurring with benzodiazepine use is secondary to primary effects on sleep (decreased SWS and REM sleep), to changes in neurotransmitter imbalance (ongoing release of norepinephrine from the LC), or to other mechanisms remains to be determined.
Propofol is believed to bind to the GABA A receptor at a site distinct from the benzodiazepines. 53 Propofol, like the benzodiazepines, is a potent suppresser of SWS. At high doses propofol will induce EEG burst suppression. Burst suppression has been previously shown to be both an independent risk factor for mortality in patients and is also associated with an increase likelihood of post-coma delirium. 54;55 Dexmedetomidine, in contrast to the GABA agonists, binds to the -2 receptors in the LC and causes a decrease in noradrenergic release from this nucleus similar to natural sleep. The decrease in noradrenergic release disinhibits the VLPO neurons that inhibit the arousal pathways thus inducing sedation. 56 Sedation with dexmedetomidine more closely resembles natural sleep than sedation with the previously discussed GABA agonists, benzodiazepines and propofol. Patients sedated with dexmedetomidine are responsive to stimuli in a manner similar to natural sleep. 57 In contrast to GABA agonists, sedation with demedetomidine leads to an increase in delta frequency EEG activity resembling naturally occurring SWS.
Sedation with dexmedetomidine has been demonstrated in two separate studies to result in less brain dysfunction/delirium than the more commonly used GABA agonists, lorazepam and midazolam. 58;59 Opioid analgesics are commonly used in conjunction with sedatives in ICU patients to decrease pain and to aid with sedation. They bind the receptors of the ponto-thalamic arousal pathway, the neuronal pathway important in REM generation, as opposed to the hypothalamic pathway which is the site of action of GABA and -2 agonists. 60 Opioids suppress REM sleep and SWS in a dose dependent manner. A single lose dose of opioid administered to healthy adult volunteers was associated with a 30% -50% reduction in SWS. 61 Despite these effects on sleep architecture in volunteers and evidence that opioids can be a risk factor for delirum, [62] [63] [64] opioids may, in fact, improve sleep and decrease the risk of delirium in patients who are actively experiencing pain. In a study of burn patients requiring mechanical ventilation, opioid exposure was shown to be associated with a decreased risk for delirium. 52 Opioid based sedation protocols are increasingly being utilized.
Antipsychotics are recommended for use in critically ill patients in an attempt to decrease and treat delirium 48 but are also administered for their sedative effects. Haloperidol, the most commonly used typical antipsychotic in this setting, has been shown to increase sleep efficiency, TST, and have little or no effect on SWS. 65 The atypical antipsychotics, olanzapine and resperidone, are also frequently used in ICU patients. They have been shown to increase TST, sleep efficiency, and SWS in healthy volunteers. 65 However, these agents should be used with caution given their significant side effect profile.
There remains much to be learned regarding the interplay between sleep, sedative-hypnotics, and delirium. It has, however, become increasingly clear that the sedatives historically administered to aid with sleep in ICU patients actually lead to harm by increasing time on mechanical ventilation, increasing incidence of delirium, and importantly increasing risk of death. [66] [67] [68] Therefore efforts should be made to minimize sedative exposure when possible.
SLEEP AND MECHANICAL VENTILATION
Mechanical ventilation has been proposed as one of the risk factors for development of delirium and the sub-syndromal delirium forms. 4;69;70 Sleep fragmentation due poor patientventilator interaction may contribute to the occurrence of brain dysfunction seen in mechanically ventilated patients. The sleep state frequently represents a specific challenge for physicians involved in the care of patients with acute or chronic respiratory failure. Indeed, for each patient, physicians should be able to assess these issues: (1) co-existence of sleep disordered breathing [i.e. sleep apnea, REM-related alveolar hypoventilation], (2) presence of non-respiratory sleep disorders [insomnia or periodic limb movements], (3) the specific setting of the ventilator during sleep, and (4) sleep disturbances induced by mechanical ventilation. The approach to these problems is different according to the patient's clinical status (acute or acute-on-chronic respiratory failure vs. chronic respiratory failure) and the mode of mechanical ventilation (invasive vs. non-invasive).
Recent surveys found a high prevalence of sleep disordered breathing, mainly obstructive sleep apnea (OSA), in patients admitted in hospital for severe illness requiring ICU treatment. Kaw et al reported that obstructive sleep apnea is associated with an increasing risk of ICU admission in the post-operative period. 71 And, Diaz-Abad et al found a high prevalence of unrecognized sleep-disordered breathing in patients who are candidates for decannulation after weaning from prolonged mechanical ventilation. 72 Similarly, insomnia and periodic leg movements as well as other sleep disorders are very common in elderly patients and in those with chronic disease like COPD, making it difficult to discriminate the effect of mechanical ventilation on sleep quality. 73 While mechanical ventilation certainly affects sleep quality, sleep quality has also been shown to affect the success of ventilator therapies. Roche Campo et al reported that late noninvasive ventilation failure in elderly patients with acute hypercapnic respiratory failure was associated with early sleep disturbances. They found that patients failing noninvasive ventilation had poorer sleep quality with greater circadian sleep-cycle disruption and less nocturnal REM sleep compared with patients successfully treated with non-invasive ventilation. 74 Ventilatory parameters are mainly determined empirically, based on diurnal arterial blood gas variations or the patient's tolerance when awake and conscious. However during sleep, patients may have a profound modification in the recruitment of the respiratory muscles leading to worsening of alveolar hypoventilation. 75 This is particularly the case in patients with severe respiratory muscle weakness. Sustained SpO 2 desaturations (>10 min) can be seen in these patients as the result of this residual hypoventilation. On the other hand, excessive inspiratory support may induce the development of periodic breathing or central apneas, especially with pressure support ventilation (PSV). 76 Indeed, setting the inspiratory support too high compared to the patient's demand during sleep may result in passive hyperventilation. In this way, the level of PCO2 may diminish during sleep, triggering central apnea, which in turn induces arousals and awakenings.
The presence of ineffective respiratory efforts, mouth leaks in patients receiving noninvasive ventilation (NIV), and auto-triggering also reduce the effectiveness of mechanical ventilation. A phenomenon of missing or ineffective efforts has been shown to occur both in ventilator-dependent COPD patients and in others with difficult weaning from ventilator. This was attributed to several factors including: a reduction in respiratory drive, reduction in respiratory muscle strength, increased inspiratory load due to augmented upper airway resistance and mouth leaks. These factors all contribute to the inability to trigger the ventilator adequately. 77 Fanfulla et al found that the patients with recurrent ineffective breathing during sleep were those with the highest level of inspiratory assistance. High levels of inspiratory assistance, that produce larger tidal volumes, may induce dynamic hyperinflation which has also been implicated in the genesis of ineffective efforts. 78 Furthermore, in PSV and assisted volumecycled ventilation, the end of the ventilator's inflation cycle is not always synchronized with the end of the patient's inspiratory effort. As a result, inflation may continue into the phase of neural expiration. When the ventilator cycle extends into neural expiration, the time available for expiratory flow, before the next inspiratory effort, is reduced. If passive functional residual capacity is not reached during the shortened expiratory phase, dynamic hyperinflation can occur or worsen. Dynamic hyperinflation increases the work of breathing and makes it difficult for the patient to trigger the ventilator making the occurrence of ineffective breathing more likely.
Patients with the coexistence of acute respiratory failure and obstructive sleep apnea require specific assessment when NIV is identified as the treatment of choice. Two different goals should be reached: the first is to stabilize upper airway and the second is to provide adequate inspiratory support to maintain optimal alveolar ventilation. Intermittent obstruction of the upper airway is frequent in patients during NIV. 79 Moreover, upper airways obstruction may also occur in patients without coexistence of OSA and is generally related to episodes of intermittent obstruction at the glottic level reflecting cyclic glottic closure induced by hyperventilation. 80 The exact role of mechanical ventilation in sleep fragmentation in ICU patients remains poorly understood. Mechanical ventilation has been shown to disrupt sleep in patients with acute or chronic respiratory failure though several different mechanisms: level of inspiratory support, development of central apneas and/or Cheyne-Stokes breathing, patient-ventilator asynchronies (particularly with ineffective inspiratory efforts), and the presence of an endotracheal tube. Parthasarathy et al. found that critically ill patients experience greater fragmentation of sleep during PSV than during assist-control ventilation (ACV) because of the development of central apneas. 76 Bosma et al., found that patient-ventilator discordance causes sleep disruption and that proportional assist ventilation seems more efficacious than PSV in matching the patient's ventilatory requirements with ventilator assistance, therefore resulting in fewer patient-ventilator asynchronies and a better quality of sleep. 81 In contrast, Cabello et al, in a study designed to compare the influence of three common ventilation modes, observed that the ventilatory mode did not influence sleep pattern. 82 The three mode of ventilation were ACV, clinically adjusted PSV, and automatically adjusted PSV, which offers a continuous adaptation of the PS level. A possible explanation of these results, clearly different with those previously published, is that the Authors take care to avoid excess of inspiratory support as demonstrated by similar minute ventilation and tidal volume observed with the three different ventilators.
In a study designed to compare two noninvasive pressure support ventilation settings, one based on clinical parameters and the other based on physiological requirements as estimated from an assessment of the patient's respiratory effort and mechanics, Fanfulla et al showed that the physiological based setting was associated with improvements in sleep quantity and quality. 83 They found a statistically significant association between the reduction of ineffective respiratory efforts and an improvement in sleep quality. However, when evaluating the effects of mechanical ventilation on sleep in the clinical arena, other sources of variability should be taken into account: the physicians' approach may vary greatly; clinical severity of the patients (increased respiratory drive during acute respiratory failure and during acute inflammatory states); aetiology of acute respiratory failure; different mechanical respiratory properties; methods used for monitoring patient-ventilator interaction.
Studies of the newest modes of ventilation, such as adaptive support ventilation and proportional assist ventilation with load adjustable gain factors and neutrally adjusted ventilatory assist, have demonstrated an improvement of patient ventilator interaction when compared to the more traditional ventilator modes. However, data on sleep quality during these modes of ventilation are still limited and further investigation is needed. 81;83-86 
PRACTICE POINTS
• Sleep complaints are common in hospitalized patients.
• There is an association between poor sleep quality and delirium but a cause and effect relationship has not been established.
• Sedating medications cause alterations in sleep architecture with most causing a decrease SWS and stage REM sleep.
• Patient -ventilator interactions can differ depending on whether the patient is awake or asleep and should be monitored during sleep in patients requiring long-term mechanical ventilation.
• Upper airway obstructive events during sleep occur frequently in patients treated with non-invasive mechanical ventilation, especially those with signs or symptoms of obstructive sleep apnea or with obesity-hypoventilation syndrome.
SUMMARY
Poor sleep quality is common in hospitalized patients and leads to emotional distress, fatigue, and can potentially affect the patient's recovery from illness. Sleep disturbances and delirium frequently coexist and while a cause and effect relationship has not been established, it is likely that both can cause and/or worsen the other. Commonly used sedatives cause abnormalities of sleep architecture (decreases in SWS and stage REM sleep) and are also known risk factors for delirium representing a potential for a shared mechanism. Therefore, whenever possible exposure to these medications should be minimized. As a prominent cause of sleep disruptions in ICU patients, mechanical ventilation settings should be adjusted to optimize patient-ventilator synchrony baring in mind that the optimal settings during sleep may not be the same as when the patient is awake.
The extent that sleep disruption contribute to hospital and ICU delirium continues to be debated. Regardless, the comfort of our patients is reason enough to make efforts to promote better sleep in this environment. Possible common pathophysiological pathways between delirium and sleep disruption 
